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Abstract 

The  number  of  turns  required  to  cause  1/2  Inch  hexagonal  T1  6a1-W  nuts 
to  seize  on  l/2  x  3  Inch,  MB  2OOO0-U3  type,  Tl  *tAl-4ln  bolts  under  a 
tension  (axial)  load  applied  to  a  nut  and  bolt  osseolbly  vos  used  os -a 
comparison  criterion.  Uncoated,  fluoride -phosphate  (TltanluH  Nstollur* 
glcal  laboratory  Memo,  date  30  October  1956),  Ti-Oxlde  onodle  treated 
(San  Diego  Plating  Co.,  San  Diego,  California)  Hordos  anodic  treated 
(Anochrome  Corp.,  South  Gate,  California),  Electrofilm  6^  (baked  epoxy 
resin  -  ri,olybdenuin  disulfide  finish.  Son  Diego  Plating  Co.),  silver-  and 
nlckel>plated  (Steel  Improvement  and  Forge  Co.,  Cleveland,  Ohio),  and  heat 
treated  (lOOO'F,  U  hours  In  air,  olr  cool)  nuts  vers  treated.,  Ti»  test 
msultn  shoved  that  nuts  vhlch  vers  silver-plated  or  electrofilm  coated 
were  about  equal  to  each  other  and  superior  to  the  other  surfbee  treatawnts 
In  resisting  galling.  The  anodic  treatments  used  had  the  greatest  tendency 
for  seizure,  In  eorao  cases  greater  than  that  of  the  bare  nuts  used  as  a 
otondard  of  comparison. 

Reference ;  Reschen,  R.  R.,  Keller,  E.  B.,  Sutherland,  W.  M., 

"Titanium  Antl-Galllng  Treatment  for  Tl<rtaded 

Assembly,"  Oeneml  Dynamic s/Conva I r  Report  KP  59-  * 

287,  San  Diego,  California,  22  December  1959. 

(Refi^rence  attached.) 
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Report  Ifa.  MP- 50-287 _ 

^tenlxaa  Aoitl«»Q€tlllng  Treatnep'^ 
for  Threaded  Aasembly  -  RIA  7020 


Op.nx:?: 


-Q  d-teratns  the  torque- tension  relationship  and  calling  characterlBtlcn  of  titanluia 


utrj 


bare  aM  as  surface  treated  by  aeven. different  prac«BBc»,vhen  Installed  on 


bare  tltenlviin  bolts. 

(:a;?crLt^lON;  *  I  •  .  / 

aho-r  that  silver  platlrifj  on  tltoalm  and  olectiwrilm  «6c  per  Ctanvmlr  Opeclfl*.-’ 
I'vcion  OOpOOO  arc  two  surfAec  treatments  which  will  .rreatly  reduce  any  fiUng 
or  nclzurj  of  titanium  nuts  to  bare  titanium  bolts.  Michel  plating  on  tltanivn, 

*'.ent  trer-ting  of  titanium  at  1000*?  for  four  hours,  and  the  Hordaa  Proceos  anodic 
rcatnjent  it/  Anachrore  Corp.  are  three  surface  treatments  that  are  no  better,  aod 
in  corric  Instances  less  resistant  to  galJLlni  than  tore  to  bare  tltaalua  nut  aM  bolt* 

Ti'ic  iluorldc-phosphate  treatment  for  tltardua  and  the  Tt-oxlAe  anodic  treatment  by 
rton  EMcec  Plating  Co.  are  about  equal  aod  slightly  nqi^  resistant  to  galllDg  thao' 
!;lio  'fxirc.'  mit  used  as  a  standard.  ] 

,  •  ,  ^  ^  ^ 

'PI; .ST  SPE!C.THaM;  .  ‘  ..***.  ‘  . 

V2*  K  5*  tttonivBi.  bolto  vlth  th*  floeftCdratlMi  ®f  tl»’  *ypa 

I-C3  2OOO0-4t3  p>T  stsel  bolta* 

r,'.  Vafe-n;-  Type  61*,  I/O"  Jt  7/3"  hexagonal  tltonlvn  wafers  pfoccsoed  alofi^  vltli 
the  nuts.  Wafers  were  used  os  a  standard  to  aeaaura  any  dlnenslonaX 
Increase  or  decrease  of  Utanlun  nuts  due  to  prowess  treatnicrt. 

-  '  -  1/2"  titanium  bcxaSDoal  nits  were  processed  \ry  esoli  of  tte 

following  oethods:  ^  . 

"  ?h}  Sight  bar^.  tltttalum -Buts  •  io  prooesslng^used  as  a  stsmdard* 

b)  Eight  nuts  and  two  wafers  processed  by  the  fluoride* tto sfphnte 
ehcaleol  conversion  method  os  outlined  in  the  Battellu  nwmo  of 
K)-30-56.  Processing  done  la  the  MaterlaXe  and  Procesee#  , 

laboratory.  ’  ' ; .  .  ’  • 

*  •  *•••.»* 

o)  Kcfct  nuts  and  two  wafers  ^v«a  the  yi»0xlde  aaodle  treatiMaot  by' ' 
•the  Seun  riego  Hating  Co,  ’ 

.  d)  Eight  nuts  and'two  wafers  processed  the  Anaehrome  0o>p.,  South  ■ 
Gate,  Calif,  and  given  the  Ilordas  ProeesB  anodic  treahaent. 


Sol'S")  ■“  H 


titanlw  alloy 


iulc 


6  AI-4  7 


r? 


^ R«  R^Bchan 
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PAOS  2 

Rcpoirr  NO.  MP-58-a87 
MODKi.  REA  7026 
DATS  I2>22>^ 


Eight  auto  ond  'vo  w&fej-*  Slectrofllncd  66c 
tlon  0-05000  by  th«  3«.n  l>lV>go  Plating  Co. 


per  Convalr  ^elflca^ 


f)  Two  Bilver-plntod  tufea  procoaaed  by  the  Steel  Improveineiit  aal 
Ibrge  Co.  of  Cleveland,  Ohio.  Stiver  plate  thlckaeaa  .OOO5  In. 


g}  Tuo  nlekel-plat--A  r.vU  proceaaed  by  the  Steel  laptoveoent  exid 
rorge  Co,  of  ClcvelcDd,  Ohio.  Nickel  plate  thickaeai  .0005  i». 


.  b#  Three  tltanluB  mti;  n*3  one  wafer  heat  treated  at  10C0*F  for  four 
hours  end  rc?»v~^  iroa  :rvj»c.nce  ard  air  cooled.  Heat  treataeat 
done  by  Matf^Ttala  fed  ti^taBca  Kctallurgleal  Rent  Treat  Lab. 


A  fli^c&al  Jig  T>aa  OOlklt,?!*ctcd  (fig*  ^dvleh  frould  peiNlt  the  ■ownlina  of 
the  bolt  end  nit  ou  the  Tinlee  Cloen  VnlverMl  Testing  Machine,  therolQf  pro* 
vtdlBg  a  Beans  of  applying  o  torsion  land  of  10,000  lbs.  for  the  start  of 
each  test.  This  load  was  eatd.  es  the  starting  point  heihso  doing  any  tor^an* 
S£j{  of  the  net  with  a  hfi-od  torrius  imunrh. 

The  bvench  was  lulled  be  th^t  frat  snA  rotated  to  the  right  thiou^  • 

£^rc,  At  this  sen*  tine  the  contest  tor^re  in  fVlha  ahown  On  the 
CTVT'ii  dial  vas  recorded*  Titm  load  aboyn  on  the  tlnlwo  teetlng  aochlwi  Ono 
clso  TEtoorlcd.  At  this  pot^t  the  vrsnoh  was  Ineked  off  90*  to  the  otoftlJit 
gK>«ltlon*  Break  torpM  was  recorde«l  and  also  tenelosi  a2iown  on  the  toot  * 
was  moorded  when  ths  >nench  raoehed  the  otartlno  posltlOR*  * 

<Zha  ttartlnc  load  Of  10,000  Ibn  Was  then  again  appltod  tO  the  Jig  before 
tnrojyaing  the  mit  the  oecond,  third,  fourth,  eto*  tinea.  This  procedate  * 
rmo  repeated  until  In  ooBt  vCOte  telntn  or  n^’irtrow  galling  Of  the  net  ssA 
threeda  wao  evident. 


A  nc’.f  eedlailua  plated  et»tX  vaster  vrip  Inoeitod  between  the  treated  Mot  sod 
steel  plate  each  ttsw  a  txe^.te^'i  out  wad  tested*  {ftC» 

@>33  Ihe  shortage  of  tlta?lvst  bol^,  ten  Kits  were  tested  bn  each  (alt* 
One  at  the  end  of  the  bolt  onl  then  ooe  at  the  very  end  cf  fha  halt* 


are  Hotted  £<3  S  e:sd  C'Wvss  f7'Bg>hl«ally  la  figure  2. 
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25 
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6,000 
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U,950 

.  9,700 
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9,5P 
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9,000 
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oattLK  I  (coaxonsD) 


Test 

R>.  of 

Pt.lbs.SorQue 

Pt.lbe.  Break* 

Veasloa  Load 

Veaalon  Load 

Ho.  SDeciaen 

RotatloBS 

Rseordad 

Balease 

5  XLectsofila 

•56c 

1 

40 

20 

11,600 

9,400 

2 

40 

30 

12,000 

3 

45 

25 

12,100 

9,W 

4 

50 

30 

12,300 

9,900 

5 

60 

40 

12,400 

10,000 

6 

65 

40 

12,200 

9,900 

7 

65 

50 

12,3C0 

9,900 

3 

75 

55 

12,300 

9,900 

9 

85 

60 

12,200 

10,000 

10 

90 

60 

12,100 

9,900 

11 

90 

70 

12,100 

9,900 

12 

100 

90 

12,000 

9,900 

13 

100 

100 

12,000 

9,900 

14 

110 

100 

12,000 

9,900 

15 

120 

100 

12,000 

9,900 

16 

130 

UO 

It 

It 

17 

130 

120 

n 

10,100 

18 

140 

120 

11,800 

9,900 

19 

140 

130 

n 

20 

140 

130 

n 

21 

150 

130 

11,700 

» 

82 

150 

130 

rt 

• 

23 

160 

130 

n 

• 

24 

160 

140 

• 

* 

25 

160 

130 

n 

• 

26 

160 

140 

n 

9,800 

27 

ITO 

140 

m 

9,900 

26 

170 

150 

29 

180 

150 

11,600 

n 

30 

180 

150 

11,600 

10,500 

31 

200 

Vest  stoppsA  * 

scisuze  ef  sut  aad  belt 

at  this  jolat* 

6  Rietel 

1 

130 

no 

10,850 

m  m 

Plated 

Vest  stopped  * 

seisurs  of  aut  aai  bolt 

at  this  point. 

7  Hlekcl 

1 

200 

150 

10,600 

9,600 

Plstsd 

2 

Stopped  •  sclsure  of  nkt  sad  bolt* 

8  Heat  IreateA  1  200  Stopped  •  selzare  of  xaxt  sad  tolt< 

1000*P 
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Test 

Bo.  of 

Pt.lts.Torq^e 

n.  Ibe.Bceak- 

Tension  Load 

Tension  Load 

Ito.  SDeeiam 

Rotations 

Beeozded 

Release 

9  SUver 

1 

80 

20 

n,ooo 

9,150 

Plated 

2 

90 

30 

n,250 

9,450 

3 

90 

20 

n,4oo 

4 

90 

90 

n,35o 

9,^ 

5 

100 

80 

n,30o 

9,850 

6 
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120 

11,350 

10,000 

7 
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n,20o 

9,950 

3 
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9,990 

9 
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100 

n,250 
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11,150 

9,950 

11 
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no 

n,i50 

9,950 

12 

130 

120 

n,20o 

ic:ooo 

13 
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120 

10,800 

9,605 

1.4 
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10,850 

9,700 

140 

120 

n,ioo 

9,950 

16 

140 

120 

n,i5o 

17 

140 

120 

n,250 

9,§») 

18 

140 

130 

n,25o 

9,850 

19 

145 

130 

n,i5o 

9,950 

20 

150 

140 

11,150 

9,900 

21 

150 

130 

n,2oo 

10,000 

22 

150 

130 

n,050 

9,950 

23 

150 

140 

11,100 

10,000 

24 

155 

140 

11,100 

10,000 

25 

160 

140 

11,05c 

10,000 

26 

160 

140 

12,300 

9,800 

27 

160 

140 

tt 

26 

170 

150 

n 

9,800 

29 

180 

150 

m 

9,700 

30 

180 

150 

12,300 

9,700 

31 

180 

160 

12,300 

10,000 

32 

200 

SelEuze  of  sut  to  bolt. 

10  Silver 

1 

90 

50 

9,660  • 

Plated 

2 

70 

40 

10,000 

3 

70 
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70 
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n,i4o 
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70 
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n,i4o 
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80 

60 

11,340 
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80 

60 

10,080 
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Tt^ot 

Ikj. 


)lo.  of  Ft. lbs, Torque  1‘t .lbs. Break- 

Specimen  Rotations  Rogulred _ eiiay  Tbroue 


Tension  Load 
Recorded 


Tension 

Relanse 


}n  silver  Plated 
(^ontim^) 


1 

13 

100 

\ 

14 

100 

i 

15 

100 

!  iHre  Nut 

1 

150 

1 

2 

150 

1 

3 

150 

\ 

4 

160 

' 

5 

160 

6 

330 

' Eardaa 

1 

200 

/■aodlc 

2 

190 

'Treateent 

3 

190 

4 

200 

5 

300 

6 

200 

75 

11,350 

11, 3» 
11,420 

e.33o 

9,600 

130 

10,500 

8,000 

130 

8,600 

l40 

11,000 

9,500 

i40 

u,300 

9,700 

140 

11,400 

9,700 

300 

Selsure  of  nut  and 

170  11,300  9,100 

170  11,300  0,500 

170  11,800  9,300 

lao  12,000  9,500 

170  12,000  9,500 

160  12,000  9,500  • 

Stopped  Teat  -  galling  of  nut  and 
bolt  froB  the  atart. 


Fluorlde- 

1 

150 

Pbosphate 

2 

160 

Treated 

3 

170 

4 

100 

5 

100 

6 

100 

7 

100 

0 

100 

9 

200 

140 

11,000 

9,100 

150 

11,300 

9,500 

150 

11,500 

9,600 

160 

M 

9,700 

170 

n 

9,600 

170 

N 

9,500 

150 

M 

9,600 

170 

M 

•  9,700 

Selaure  of  nut  and  bolt. 


Fluorlle- 

1 

150 

Phoflphe.te 

2 

160 

Treated. 

3 

170 

4 

170 

5 

170 

6 

ito 

130 

150 

.  10,300 
20,400 

9,100 

9,150 

150 

10,000 

9,450 

150 

10,950 

9,600 

160 

11,000 

9,900 

aoo 

10,900 

Selaure  of 

irit  and  bolt. 


ANAUrW 

PRrPAWtD  BY  R.  Reachon 

CHKCKEO  DY  E.  E.  KcUcr 

RCVISeO  BY 


rAIS^  I  (CONTINUKD) 


C  O  N  V  A  I  R 


)AN  ftiroo 


^AOK  9 

Btpoprr  NO.  MP-5O-287 
MOOKL  REA  7028 

OATS  12-2^56 


Test  No,  of  Ft.lba. Torque 

Ito.  Specimen  Rotatlona  Required 


;?t,lb8,Break- 
a»ay  Ttorque 


Tension  Load 
Recoided 


Tension  Load 
Releaae 


15  Ti-Qxjde 

1 

110 

70 

11,150 

9,190 

Treated 

2 

120 

100 

11,250 

9,500 

3 

130 

no 

11,250 

9,600 

4 

140 

120 

11,150 

9,650 

5 

140 

120 

.•’1,250 

9,650 

6 

150 

130 

11,250 

9,950 

7 

150 

130 

11,150 

10,000 

8 

150 

160 

11,050 

Seizure  of 

xnrt  and  bolt. 


